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Abstract— In this study, Human adult, low Ca2+, high 
Temperature (HaCaTs) Keratinocytes were cultured on micro-
contact printed fibronectin repeat gratings of 1.8, 3.8, 5, 12.5 
and 25µm for 24 hours. The cells were then fixed with 0.1% 
Glutaraldehyde and dehydrated in serial alcohol [1].  The 
alignment of the cells were then measured, where 0º represents 
100% alignment to the pattern, in order to identify those fea-
tures that promoted the highest degree of cell alignment. From 
the quantitative analysis it became clear that HaCaTs cells 
align most readily to the 12.5µm pattern. A 12.5µm stamp was 
therefore used to stamp pattern fibronectin on to prefabri-
cated Au/Cr/glass surface plasmon substrates. HaCaTs cells 
were cultured on the substrates for 24 hours and imaged with 
the “Widefield Surface Plasmon Resonance” (WSPR) micro-
scope [1]. The WSPR system enables the examination of 
nanometric interfacial interactions of HaCaTs on patterned 
and un-patterned surface at lateral resolution down to 500nm. 
Our preliminary results demonstrate that the WSPR micro-
scope is capable of imaging the cell surface interface and as 
such will prove to be a very useful tool in understanding the 
processes involved in cell guidance and wound repair.   
Keywords— surface plasmons, HaCaTs, micro-contact print-
ing, cell guidance, cell alignment, high resolution 
imaging  
I. INTRODUCTION  
Surface Plasmons (SPs) resonance is a collective oscilla-
tion of free electrons which occurs between a dielectric and 
conductor interface when p-polarized light at a specific 
angle strikes the conductor interface [2]. Deposition of bio-
molecular species at the metallised surface changes the SPs 
excitation angle and this change is directly proportional to 
the refractive index and thickness of that particular molecu-
lar species [1].  Present standard SPs system are mostly 
based around the Kretschmann configuration [3] which are 
extremely powerful, but they lack the spatial resolution for 
imaging highly localized region at micron to submicron 
scales [2]. We have now developed a new WSPR micro-
scope capable of high lateral resolution imaging close to 
500nm [4, 5] . In this system we use a high numerical aper-
ture 1.45, oil immersed objective lens, allowing p-polarized 
light to be applied at a gold fabricated glass slide at an angle 
capable of exciting SPs [4, 5] . Our preliminary results 
demonstrated that this new WSPR system is exploitable as 
immunosensor for monitoring series of protein binding 
study [1], and in any areas where sensitivity to minute 
changes in the properties of an interface is required. In this 
study we will demonstrate that the WSPR system can be 
used for high resolution imaging of nanometric interfacial 
interactions associated with HaCaT cell guidance on micro-
contact printed cell culture substrates. There are various 
methods of controlling wound repair [6] and cell behaviour 
using a mixture of topographic guidance and topog-
raphic/adhesive guidance cues such as those generated by 
Micro-Contact Printing (MCP) techniques [7]. In this study 
we will examine HaCaT cell guidance induced by micro-
contact printed patterns of fibronectin [8]. Extracellular 
Matrix (ECM) protein such as Fibronectin [9] and Laminin 
[10] have been used extensively to mediate cell responses. 
Briefly, the formation of this ECM protein repeat gratings 
promotes cell alignment and directed migration. However, 
different cell types respond to guidance cues of different 
dimensions in different ways. Thus, we aim to determine 
the optimal MCP dimensions required to induce HaCaT cell 
guidance and then examine interfacial changes induced by 
the MCP patterns using the new WSPR microscope.  
II. MATERIALS AND METHODS 
Cell Culture: HaCaTs cell lines were cultured in small 
standard Plug seal cap 25 cm2 culture flask with ratio 1:5 ml 
cell suspension in Rosewell Park Memorial Institute media 
(RPMI, SIGMA).  Cells were incubated at 37ºC and were 
split upon reaching confluence, usually every 4-5 days. 
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Stamp Fabrication: Glass templates consisting of 1.8, 
3.8, 5, 12.5 and 25 µm wide repeat gratings were micro-
fabricated in the clean rooms at the Department of Electron-
ics and Electrical Engineering, University of Glasgow. 
Sylgard elastomer gel (Polydimethylsiloxane from BDH 
Laboratory Suplies) stamps were then produced at Univer-
sity of Bradford from these templates by firstly coating the 
templates with 2% Dimethylchlorosilane mixed with 98% 
Trichloroethylene. Next, 30ml of (Sylgard) elastomer gel 
and a curing agent was poured onto the templates and al-
lowed to cure overnight. After curing, the Sylgard gel was 
removed from the template enabling sylgard stamps exhibit-
ing a negative relief of the template to be produced. These 
stamps were then used to functionalise plain glass slides and 
gold coated test substrates with Fibronectin.    
 MCP Technique: The overall stamping processes were 
carried out in sterile condition. Plain glass cover slips, were 
micro-contact printed with Fibronectin (220-240 KDa) via 
the following method: stamps were inked by dipping in 
Bovine fibronectin [SIGMA] dissolved in water at a con-
centration of 0.1mg/ml. The stamp was then removed from 
the fibronectin solution, air-dried for 30 seconds and 
stamped on to the glass cover slips for 50 seconds. The 
same procedure applies for each stamping process, i.e. 1.8, 
3.8, 5, 12.5 and 25µm stamp including the SPs substrate.   
Plating of cells: The glass slides micro-contact printed 
with 5 different gratings were then plated with HaCaTs cell 
(0.1ml of a 60,000 cells/ml cell suspension in 2ml media) 
for 24 hours. After 24 hours, cells were then fixed with 
0.1% Glutaraldehyde diluted in Hank’s Balanced Salt Solu-
tion (HBSS, SIGMA) for 5 minutes and imaged with stan-
dard phase contrast microscope. This same procedure for 
plating cells applies for the SPs substrate. Cells alignment 
to the pattern was measured by measuring the angle of the 
long axes of the cells in relation to the stamp pattern, such 
that an angle of 0º represents 100% alignment to the pattern. 
The pattern giving the best cell alignment was then selected 
and used to stamp pattern SPs substrate.  
 SPs substrate preparation: A prefabricated glass slide 
(0.18 mm thick), coated with 48 nm Gold/1 nm Chromium 
were stamp patterned with Fibronectin protein by using a 
12.5 µm stamp. The substrate was then plated with HaCaTs 
cells as described earlier. After fixing the cell, the substrate 
were dehydrated in serial alcohol and were imaged with a 
Ziess Axioplan 2 microscope using a long working distance 
40x objective under Differential Interference Contrast (DIC) 
imaging conditions. The substrates were then mounted in 
the sample holder of the WSPR microscope and imaged 
further.   
III. RESULTS AND DISCUSSION 
Stamp Fabrication: In this experiment we fabricated 
PDMS stamps successfully (Figs 1a-e) for MCP process in 
order to mediate HaCaTs cell migrations.   
 
 
 
 
 
 
 
 
 
 
Fig. 1: Various gratings size of stamp fabricated for MCP work: 
(a) 1.8 µm,  (b) 3.8 µm; (c) 5 µm; (d) 12.5 µm; and  (e) 25 µm;  
Image taken with standard phase contrast microscope under bright 
field imaging condition, objective x10 (scale bar 50µm).  
MCP Technique: MCP of fibronectin on to the culture 
substrates resulted in the substrates being successfully pat-
terned with 1.8, 3.8, 5, 12.5 and 25 µm wide repeat gratings 
(Figs 2a-e). By scoring the alignment of HaCaT cells to 
different micro-contact printed patterns it became clear that 
the cells responded very differently to different gratings. 
The 1.8 µm wide pattern induced a poor alignment of (23.4o 
± 1.65), as did the 3.8, 5 and 25µm wide patterns (23.9o ± 
1.80, 17o ± 1.55, 17o ± 1.77 respectively), but in comparison 
the 12.5µm wide grating induced a good alignment of 7.9o ± 
1.38 (Figs 2f-j). In all cases negative control cells showed 
an angle of alignment of 55o indicating random cell orienta-
tion.  
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Fig. 2: (a - e) Image of Fibronectin micro-patterned glass cover 
slips; (f - i) The same micro-patterned surface 24 hours after plated 
with HaCaTs; (a) 1.8 µm;  (b) 3.8 µm; (c) 5 µm; (d) 12.5 µm; and  
(e) 25 µm;  Image taken with standard phase contrast microscope, 
objective x10 (scale bar 70µm).  
SPs substrate preparation: SPs substrate patterned with 
Fibronectin using a 12.5µm stamp were initially imaged 
with a DIC microscope to verify the findings achieved via 
the newly developed WSPR system (Fig 3). 
 
 
 
 
 
 
 
  
Fig. 3: (a) Image of Fibronectin gratings on SPs substrate achieved 
via MCP technique;  (b - e) Image of fixed HaCaTs cells cultured 
on the 12.5 µm fibronectin patterned SPs substrate following the 
pattern direction; (f) control – HaCaTs growing outside the pat-
terned surface, Image taken with DIC microscope, objective x40 
(scale bar 100µm).  
Imaging with the WSPR system revealed that HaCaTs 
cells attach to the un-patterned surface via concentrically 
arranged high contrast band like concentrations of focal 
contacts, with the highest contrast band like components 
being localized at the cell periphery. The un-patterned cells 
had lengths ranging between 30 to 40 µm (Figs 4e, 4f). 
However, guided HaCaTs cells had a very different periph-
eral structure. The WSPR system showed that the patterned 
cells acquiring the high contrast band like structure at 
boarder of the elongated features along with less concentri-
cally formed band like structure across the cell body. This 
enabled the cells to extend between 40 to 70 µm (Figs 4a-d). 
This significant differences in cell morphology, clearly 
indicates that the cell/pattern interaction induces significant 
changes in cell signaling, resulting in upregulation of pro-
teins associated with the changes in morphology associated 
with the cells acquiring a more migratory phenotype. The 
capability of the WSPR system imaging these changes may 
help us towards understanding the unresolved question 
about the role of integrin/ECM interactions and gene prod-
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uct upregulation in induced cell migration during wound 
repair.  
 
 
 
 
 
 
 
 
  
Fig. 4: (a - d) WSPR Image of HacaTs cell 100% aligned to the 
12.5 µm Fibronectin pattern; (e and f) WSPR image of control – 
HaCaTs outside the patterned area (scale bar 25µm). 
IV. CONCLUSIONS  
The patterned substrates promoted a significant elonga-
tion of HaCaT cells and associated with this a change in the 
formation of the band like accumulation of focal contacts as 
seen from the WSPR images. Although in this study we 
imaged fixed dehydrated cells using this new system, we are 
in the process of modifying the WSPR to enable real-time 
imaging in fluid. This combined with the ability to image 
focal contacts without Immunostaining presents a tremen-
dous opportunity, that of imaging cell surface coupling in 
real time. This will allow us to, for the first time, to examine 
the cell signaling pathways associated with cell migration 
and cell guidance in real time. The implications of this in 
tissue and cell engineering cannot be understated.  
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